Death-associated protein 3 (DAP3) was previously isolated in our laboratory as a positive mediator of cell death. It is a 46-kDa protein containing a GTP binding domain that was shown to be essential for the induction of cell death. DAP3 functions downstream of the receptor signaling complex, and its death-promoting effects depend on caspase activity. Recent reports have suggested that DAP3 is localized to the mitochondria, but no functional significance of this localization has been reported so far. Here, we study the sub-cellular localization and cellular function of human DAP3 (hDAP3). We found that hDAP3 is localized to the mitochondria and, in contrast to cytochrome c, is not released to the cytoplasm following several cell death signals. Overexpression of hDAP3 induced dramatic changes in the mitochondrial structure involving increased fragmentation of the mitochondria. Both the mitochondrial localization of hDAP3 and its GTP-binding activity were essential for the fragmentation. The punctiform mitochondrial morphology was similar to that observed upon treatment of HeLa cells with staurosporine. In fact, reduction of endogenous hDAP3 protein by RNA interference partially attenuated staurosporine-induced mitochondrial fission. Thus, hDAP3 is a necessary component in the molecular pathway that culminates in fragmented mitochondria, probably reflecting its involvement in the fission process. These results, for the first time, provide a specific functional role for hDAP3 in mitochondrial maintenance.
The mitochondria are a key regulator of mammalian apoptotic cell death. During apoptosis, several apoptosis-inducing factors, such as cytochrome c, AIF, Smac/DIABLO, and Endo G are released from the mitochondria and drive several fundamental apoptotic processes, including caspase activation and DNA fragmentation/condensation. The mitochondria also undergo multiple physiologic changes during programmed cell death, including opening of the permeability transition pore, which results in dissipation of the inner mitochondrial membrane potential (⌬⌿ m ), production of reactive oxygen species, and reduction in ATP synthesis (1) (2) (3) (4) . In addition, recent work has focused on the dramatic alterations in mitochondrial morphology that take place during the early stages of apoptosis involving fragmentation of the normal tubular network followed by perinuclear clustering of fragmented mitochondria.
Within a cell, mitochondria are in a state of dynamic equilibrium between fusion of individual mitochondria to form a large, single mitochondrion, and fission of mitochondria to smaller organelles. The genes controlling these processes were mostly studied in yeast (for review, see Refs. 5 and 6) . Recently it has become apparent that, during apoptosis, there is a disruption in the balance between mitochondrial fission and fusion. Mitochondrial networks are fragmented into small, vesicular, punctiform mitochondria, which may result from the inhibition of fusion, the acceleration of fission, or both (7) . Some of the mammalian orthologues of the yeast genes that control the fission/fusion processes have been implicated in apoptosis. These include Drp1 (dynamin-related protein), which regulates outer membrane scission, and Mfn2 (mitofusin 2), a large GTPase that controls fusion of the outer membrane (8, 9) . Moreover, it has been recently reported that the pro-apoptotic genes Bax and Bak affect the mitochondrial ultrastructure and co-localize with Drp1 and Mfn2 to mitochondrial tips and constriction sites where fission events subsequently occur (7, 9) . Here, we analyzed the possible link of another apoptotic gene, death-associated protein 3 (DAP3), 1 to possible changes in mitochondrial morphology. DAP3, a ubiquitously expressed 46-kDa protein, was originally isolated in our laboratory as a positive mediator of interferon-␥-induced cell death in HeLa cells (10) . It was also shown to play a more general role in cell death, having an impact on tumor necrosis factor-␣ and Fasmediated cell death as well (11) . DAP3 contains three potential motifs for GTP binding (12) , including the phosphate binding P-loop motif (GXXXXGK(S/T). In fact, DAP3 binds GTP but not ATP (13) . Furthermore, the P-loop is essential for DAP3-induced cell death (11) , suggesting that GTP binding is necessary for DAP3 function. DAP3 also contains a putative mitochondrial localization signal within the first 17 amino acids, (14) and, consistent with these structural predictions, the mouse orthologue of DAP3 was found to be localized to the mitochondrial matrix (15) . In addition, DAP3 was independently isolated as part of the small subunit of the mitochondrial ribosome in yeast and bovine (i.e. mammalian system) (12, 16, 17) .
As a cell death-associated protein that has been localized to mitochondria, DAP3 may specifically mediate apoptotic changes of these organelles. In this study, we show that hDAP3 exerts its pro-apoptotic effects from within the mitochondria.
Furthermore, we found that overexpression of hDAP3 results in mitochondrial fragmentation. Prevention of the mitochondrial localization of hDAP3 or mutation of the P-loop motif that affects the GTP binding activity both abolished the effects of hDAP3 on mitochondrial morphology. This is evidence for a mammalian matrix protein that is involved in the fission/fusion processes, and hDAP3 is among the first few apoptotic proteins to be functionally linked to cell death-associated changes in mitochondrial morphology.
EXPERIMENTAL PROCEDURES
Plasmid Constructions and Transfections-HeLa and HEK 293T cells were transiently transfected by the calcium-phosphate precipitation method, and CHO cells were transfected by LipofectAMINE transfection reagent (Invitrogen). pcDNA3 expressing luciferase (pcDNA3-Luc), hDAP3-FLAG, and hDAP3K134A-FLAG (P-loop mutant) have been described previously (11) . A construct of FLAG-tagged hDAP3 that lacks the mitochondrial localization signal (⌬mito) was generated by deletion of the first 51 coding nucleotides. MitopDsRed1-N1 (DsRed, a red fluorescent protein targeted to the mitochondrial matrix) and pEGFP expression vectors were obtained from Clontech. The DAP3 siRNA construct was based on the pSUPER vector and was designed as described previously (18) ; the 19 nucleotide base pairs start at position 474 (the first ATG) of DAP3, and a loop of seven nucleotides was inserted between the sense and antisense sequences.
Immunostaining-HeLa, NIH3T3, and REF52 rodent fibroblasts, A549 human lung carcinoma, primary human foreskin fibroblasts, or CHO cells were grown on 13-mm glass coverslips at a density of 0.8 -1.0 ϫ 10 5 cells per 35-mm tissue culture plate. When indicated, 0.1 M of STS (Sigma) or Me 2 SO alone was added for 24 h. Cells were fixed in 3.7% formaldehyde for 10 min, permeabilized with cold 100% methanol for 5 min followed by 2 min of 100% acetone drying, and permeabilized/ blocked with 0.4% Triton X-100 (Sigma) and 10% normal goat serum (Biological Industries) for 30 min. Mouse monoclonal anti-FLAG antibodies (1:400, M2; Sigma-Aldrich) or mouse monoclonal anti-DAP3 antibodies (1:150; Transduction Laboratories) were applied for 1 h, followed by Cy3-conjugated donkey anti-mouse secondary antibody (1: 400; Jackson ImmunoResearch Laboratories) for 1 h. All coverslips were mounted in Fluoromount G (Southern Biotechnology Associates) embedding media. Cells were visualized by either confocal laser-scanning microscopy (Bio-Rad Radiance 2100, mounted on Nikon TE300) or fluorescent microscopy with 60ϫ or 100ϫ oil immersion objectives (Olympus BX41). Digital imaging was performed with a DP50 CCD camera using Viewfinder Lite and Studio Lite software (Olympus). Final composites were prepared in Adobe Photoshop (Adobe Systems).
Analysis of Mitochondrial Morphology-CHO and HeLa cells were transfected for 24 h as described above with 2 or 6.6 g, respectively, of hDAP3 or control luciferase (Luc) per 35-mm plate. To mark Luctransfectants, cells were co-transfected with GFP at a 10:1 ratio, whereas hDAP3 transfectants were visualized by further immunostaining with the anti-FLAG antibody as described above. To stain mitochondria, the cells were incubated for 30 min at 37°C with 0.1 M MitoTracker Red CMXRos (Molecular Probes) before fixation. Alternatively, HeLa cells grown on 35-mm plates were transfected with 3.3 g of Luc, hDAP3, ⌬mito, or P-loop and stained with MitoTracker Red and the anti-FLAG antibody 24 h later. In each transfection experiment 100 cells were counted in each of three separate fields, and means Ϯ S.D. between different fields were calculated. Statistical analysis was performed by two-tailed Student's t test.
Cell Fractionation-HEK 293T cells were homogenized in hypotonic buffer (100 mM Tris-HCl, pH 7.4, 250 mM sucrose, and 1 mM K ϩ -EDTA) by passing through a 27-gauge needle and centrifuged at 300 ϫ g. The resulting supernatant was spun at 12,500 ϫ g, generating a post-mitochondrial supernatant (PMS) and a mitochondrial pellet that was resuspended in Ficoll buffer (3% Ficoll, 240 mM mannitol, 30 mM sucrose, 10 mM Tris-HCl, pH 7.4, and 50 mM K ϩ -EDTA). This pellet was then passed through a 2ϫ Ficoll buffer column and recentrifuged at 12,500 ϫ g. The pellet was suspended in hypotonic buffer and used as a crude mitochondrial fraction. Equal amounts of total protein from each fraction were boiled in loading buffer and resolved by 12% SDS-PAGE.
Co-immunoprecipitation and Proteomic Analysis-For co-immunoprecipitation using extraction buffer (100 mM KCl, 0.5 mM EDTA, 20 mM Hepes, pH 7.9, 0.4% Nonidet P-40, and 20% glycerol), 30 mg of extracts from HEK 293T cells expressing DAP3-FLAG or ⌬mitoDAP3-FLAG were incubated for 2 h with FLAG beads at 4°C with gentle agitation. Beads were washed three times with extraction buffer and twice with high salt buffer (150 mM NaCl, 50 mM Tris, pH 7.9, and 0.5% Triton-X100) and then incubated for 5 min with 100 l of elution buffer containing FLAG peptide (20 mM Tris, pH 7.3, 150 mM NaCl, and 0.1 mM EGTA). The eluted samples consisting of hDAP3 and associated proteins were subjected to SDS-PAGE, and the gels were stained with GelCode (Pierce). Protein bands of interest were excised from the gel, subjected to trypsin digestion, and analyzed in the Mass Spectrometry Facility of the Weizmann Institute of Science. It consists of a Bruker Reflex III TM MALDI-TOF mass spectrometer (Bruker; Bremen, Germany) equipped with a delayed extraction ion source, a reflector, and a 337-nm nitrogen laser and API Q-STAR Pulsar i electrospray-quadrupole time-of-flight tandem mass spectrometer with a collision cell (MDS Sciex/Applied Biosystems, Toronto, Canada) equipped with a nanoelectrospray source (MDS Proteomics, Odense, Denmark).
Western Blot Analysis-Detection of proteins was performed by standard Western blot analysis using anti-FLAG monoclonal antibodies (M2; Sigma-Aldrich), anti-DAP3 monoclonal antibodies (Transduction Laboratories), anti-mitochondrial HSP70/GRP75 polyclonal antibodies (H-155; Santa Cruz Biotechnology), anti-IB-␣ polyclonal antibodies (C-21; Santa Cruz Biotechnology), or anti-ATP synthase ␤-subunit polyclonal antibodies (a generous gift from Eiki Kominami, Juntendo University, Tokyo, Japan).
RESULTS

Human DAP3 Protein Is Localized to the Mitochondria-To
follow the intracellular localization of the hDAP3 protein, HeLa cells were immunostained with monoclonal antibodies directed to hDAP3. Confocal laser microscopy showed that the endogenous hDAP3 exhibited a punctate pattern of staining (Fig. 1A , left panel) reminiscent of the tubular mitochondrial network. To verify this finding, the cells were co-stained with the specific mitochondrial dye MitoTracker Red CMXRos (Fig. 1A, center  panel) . Superimposition of the two images revealed a considerable degree of overlap between endogenous hDAP3 staining and the mitochondrial staining (Fig. 1A, right panel) . The same pattern of localization was observed in various cell lines of different origins, including human A549 lung carcinoma, human primary fibroblasts, and rodent NIH3T3 and REF52 fibroblasts (Fig 1B) , indicating that the mitochondrial localization is not cell-type specific. The mitochondrial localization was further confirmed by expressing in HeLa cells a mutant of hDAP3 that lacks the putative mitochondrial signal (amino acids 1-17, ⌬mito). This mutant showed a diffusible cytosolic staining with no overlap with the MitoTracker staining (Fig. 1C) .
The intracellular localization of DAP3 was also studied by biochemical cell fractionation in HEK 293T cells. The cellular extracts were separated into crude mitochondria and PMS fractions. As can be seen in Fig. 1D , the hDAP3 protein was exclusively detected in the mitochondrial fraction, similarly to the mitochondrial protein ATP synthase ␤-subunit. Neither of these proteins was detected in the PMS fraction, whereas a typical cytosolic protein, IB-␣, was detected only in the PMS fraction and not in the mitochondrial fraction.
An additional, independent confirmation of the mitochondrial localization of hDAP3 was obtained from an unbiased analysis of hDAP3 interacting partners. Proteins that coimmunoprecipitated from HEK 293T cells with DAP3 or ⌬mito (both constructs were FLAG tagged) were resolved by SDS-PAGE, excised from the gel, and identified by mass spectrometry. The pattern of proteins co-immunoprecipitating with wild type hDAP3 was compared with the one obtained by immunoprecipitating the ⌬mito, shown to be excluded from the mitochondria. As shown in the left panel of Fig. 1E , although a few bands were common to both forms of hDAP3, one protein of 75 kDa specifically co-immunoprecipitated with the wild type hDAP3 but was absent in complexes of hDAP3, which lack the mitochondrial localization signal (marked by an asterisk). This band was identified upon mass spectrometric analysis as the mitochondrial heat shock pro-tein 70 (mHSP70), also named GRP75 (19) . Further verification of this interaction was done by Western blotting immunoprecipitates of hDAP3 or ⌬mito with an antibody specific to mHSP70/GRP75 (Fig. 1E, right) . As can be seen, mHSP70/ GRP75 was exclusively pulled down by wild type hDAP3 but not by the cytoplasmic form of hDAP3. As mHSP70/GRP75 is FIG. 1. Localization of hDAP3 to the mitochondria. A, confocal imaging of HeLa cells stained with an antibody against hDAP3 (Endogenous hDAP3) and with MitoTracker Red CMXRos (MTR). Individual images were merged digitally (Merge). B, localization of endogenous hDAP3 in the indicated cell lines. Cells were stained with an antibody to hDAP3 and viewed by fluorescent microscopy. C, HeLa cells were transfected with DAP3FLAG lacking the mitochondrial signal (⌬mito), and were immunostained with anti-FLAG antibodies; this staining was combined with the MitoTracker Red CMXRos (MTR), and individual staining was merged digitally (Merge) D, HeLa cells were fractionated to separate between the mitochondrial fraction (M) and the post-mitochondrial fraction (PMS). The ␤-subunit of ATP synthase, IB-␣, and the DAP3 proteins were detected by Western blotting with the corresponding antibodies. E, DAP3 interacts with mitochondrial Hsp70/GRP75. HEK 293T cells transfected with DAP3 or ⌬mito were extracted, and lysates were immunoprecipitated with anti-FLAG antibodies (IP Flag). The FLAG eluate was loaded onto a 7.5% polyacrylamide SDS gel. The gel was stained with Gel-code reagent to visualize the associated proteins (left), and the band denoted with the asterisk was excised from the gels and analyzed by MALDI-TOF mass spectrometry. In parallel, a small portion of these eluted immunoprecipitates (8%) and samples of total cell extracts (50 g) were Western-blotted and reacted with anti-FLAG and anti-mHSP70/GRP75 antibodies to detect DAP3 and endogenous mHSP70/GRP75, respectively (right). directly involved in transporting nuclear encoded protein to the mitochondrial matrix, its interaction with wild type hDAP3, but not cytoplasmic hDAP3, is indicative of the specific import of hDAP3 to the mitochondrial matrix.
hDAP3 Is Not Released from Mitochondria in Response to Bax-Previously identified pro-apoptotic mitochondrial proteins such as cytochrome c and AIF exert their apoptotic effects upon release from the mitochondria to the cytoplasm. To determine whether hDAP3 also changes its localization under such circumstances, HeLa cells were transfected with Bax to induce mitochondrial damage and, 24 h later, were stained for hDAP3. Bax-transfected cells were marked by GFP expression (Fig. 2, right panels, green) ; the fate of hDAP3 in these transfectants was followed by immunostaining with anti-DAP3 antibodies (Fig. 2, top left panel, red) . As a positive control, the localization changes of cytochrome c were examined in these Bax transfectants using the anti-cytochrome c antibody (Fig. 2,  bottom left panel, red) . The diffuse pattern of cytochrome c staining clearly indicated that, as expected, overexpression of Bax leads to the release of cytochrome c from the mitochondria. In contrast, however, hDAP3 exhibited the same punctate staining in both transfected and non-transfected cells, suggesting that it remains inside the mitochondria. Similarly, no release of hDAP3 to the cytosol was detected upon treatment of cells with cis-platinum (data not shown). The results are consistent with the mouse DAP3 orthologue, previously reported by T. Berger and colleagues (15) to remain inside the mitochondria upon Fas triggering.
Overexpression of hDAP3 Causes Fragmentation of Mitochondria-The fact that hDAP3 remains in the mitochondria during cell death suggests that its pro-apoptotic function takes place within the mitochondria. Because overexpression is sufficient in itself to result in cell death (11, 15) , it was interesting to check whether ectopic expression affects any morphological properties of the mitochondria. To this end, hDAP3 or luciferase and GFP were overexpressed in HeLa and CHO cells. hDAP3-transfected cells were stained with anti-FLAG antibody, Luc-transfected cells were marked by GFP (Fig. 3A,  green) , and the mitochondrial morphology was examined MitoTracker staining (Fig. 3A, red) . The normal elongated tubular organization of mitochondria, shown in the luciferase-transfected cells (upper panel), was disrupted in most of the cells that overexpressed hDAP3. Instead, the transfected cells dis- played punctiform, fragmented mitochondria, which accumulated in the perinuclear area (Fig 3A, white arrowheads) . Some of the fragmented mitochondria additionally displayed a loss of membrane potential, as reflected by the reduction in MitoTracker staining (Fig 3A, open arrowheads) .
Quantitative evaluation of this phenomenon showed that overexpression of hDAP3 led to mitochondrial fragmentation in 70% and 90% of transfected HeLa and CHO cells, respectively (Fig. 3B) . Loss of membrane potential was detected in 30% of the cells that exhibited mitochondrial fragmentation in both cell lines (dashed line within the bar of fragmented mitochondria in Fig. 3B ). The effect could be detected as early as 24 h post-transfection, was dose-dependent, and was attenuated by reducing the hDAP3 plasmid concentrations in the transfection process (not shown).
The Correct Intracellular Localization and the GTP Binding Activity of hDAP3 Are Both Essential for the Mitochondrial Fragmentation Induced by hDAP3-To further assess the importance of the mitochondrial localization of hDAP3 for this abnormal mitochondrial morphology, ⌬mitoDAP3-FLAG was overexpressed in HeLa cells. Immunostaining of these cells with an anti-FLAG antibody indicated diffuse cytoplasmic staining as shown above, and no changes in mitochondrial morphology were evident. Quantitative assessments showed that the ⌬mito did not lead to significant mitochondrial fragmentation over the basal values detected in cells transfected with a control vector (Fig. 4A) . In contrast, similar levels of wild type hDAP3 (see Fig. 4C ) resulted in mitochondrial fragmentation within 65% of the cells (Fig. 4A) . Thus, the mitochondrial localization of hDAP3 is essential for its involvement in mitochondrial fragmentation.
Next, we tested whether the GTP binding activity of hDAP3 is essential for the hDAP3-induced disruption of mitochondrial morphology. To this end, we overexpressed P-loop mutant hDAP3 (Fig. 4B, P-loop) and examined the mitochondrial morphology. The P-loop mutant retained its mitochondrial localization but did not exert any significant effect on mitochondrial morphology (Fig 4B) . Western blot analysis confirmed that all of the ectopically expressed proteins (DAP3, ⌬mito, and the P-loop mutant) accumulated to the same expression levels (Fig. 4C) .
Knockdown of Endogenous hDAP3 Protein Protects against Mitochondrial Fragmentation during Apoptosis-
The kinase inhibitor STS, a potent inducer of cell death, triggers mitochondrial fragmentation as a result of increased fission (8) . Strikingly, the mitochondrial morphology was similar to the one that is induced by overexpression of hDAP3. To check whether hDAP3 has a critical role during this process, we generated siRNA targeted to hDAP3. An ϳ80% reduction in hDAP3 protein levels was achieved by transfection of HeLa cells for 4 days with pSUPER DAP3 siRNA (Fig. 5A) . These cells were then treated for 24 h with STS, and mitochondrial morphology in the transfected cells was assessed by co-transfecting the pSUPERbased vector with the DsRED plasmid. Notably, cells in which hDAP3 protein was reduced were less sensitive to STS, and a greater proportion exhibited normal mitochondria morphology (Fig. 5B) .
DISCUSSION
DAP3 is an ancient death-promoting gene whose role in programmed cell death has been conserved from yeast to human. Overexpression of either hDAP3, mouse DAP3, or the Caenorhabditis elegans DAP3 orthologue is sufficient to cause cell death (11, 13, 15) . In yeast, disruption of yDAP3 prevents induction of cell death triggered by a combination of yeast caspase-1 and hydrogen peroxidase (20) . Thus, unlike many apoptotic genes that are not present in the yeast system, DAP3 plays a highly conserved role in programmed cell death.
Despite the extensive work on DAP3, very little information exists concerning the molecular mode of action of this protein.
Here, we report for the first time that hDAP3 controls the dynamics of mitochondria morphology and that its overexpres- sion results in extensive mitochondrial fragmentation, followed by dissipation of mitochondrial membrane potential. This mitochondrial function of hDAP3 is dependent on its intact GTP binding activity, which is consistent with previous reports showing the dependence of the pro-apoptotic effects of hDAP3 on the functionality of this P-loop motif (11, 15) . The hDAP3-mediated mitochondrial fragmentation also depends on its correct localization to this organelle, because removal of the Nterminal mitochondrial signal abolished the effects of hDAP3 on mitochondrial morphology. In addition, we show that hDAP3 is retained inside the mitochondria even after transfection with Bax, which causes severe mitochondrial membrane damage, suggesting that hDAP3 acts within the mitochondrion itself. This fits well with the previous localization of DAP3 to the mitochondrial matrix (15) and, more specifically, to the small subunit of mitochondrial ribosomes (12, 16, 17) . Our finding that wild type hDAP3, but not its N-terminal truncated form, interacts with mHSP70/GRP75 probably reflects the mechanism through which the nuclear encoded hDAP3 is transported to the mitochondrial matrix. Finally, we show here that STS-induced mitochondrial fission, which is causal to cell death, can be reduced by knocking down endogenous hDAP3 with siRNA, suggesting that hDAP3 is part of the machinery that leads to increased mitochondrial fragmentation during cell death. Because DAP3 siRNA alone does not reduce mitochondrial fragmentation under normal conditions, our data suggest that DAP3 does not regulate mitochondrial fragmentation under homeostatic conditions but rather following cellular stress, upon which it must undergo specific activation. Most likely, this activation state is mimicked by overexpression of DAP3, which is sufficient to lead to fragmentation. Thus, the current study establishes a link between the pro-apoptotic function of DAP3 and its ability to induce mitochondrial fragmentation, providing one of a few existing examples where a death-promoting gene operates in this manner.
Excessive fragmentation of mitochondria can lead to reduction of membrane potential, a phenomenon detected in 30% of the DAP3-mediated fragmented mitochondria. It may also lead to opening of the permeability transition pore and the release of mitochondrial components to the cytoplasm, which is consistent with previous studies that showed cytochrome c release in response to murine DAP3 overexpression (15) .
Of note, functional studies in yeast further support a mitochondrial function for DAP3. Mutant yDAP3 (Ygl129c) is incapable of growing on glycerol as its sole carbon source, a phenotype typical of disruption of the mitochondria (21). yDAP3 is not directly required for respiration, but in its absence yeast cells tend to lose mitochondrial DNA, suggesting a role in mitochondrial biogenesis (15) . It is noteworthy that specific extra-mitochondrial functions have also been attributed to DAP3, including a role in death-inducing signaling complex (DISC) assembly by Trail and Fas receptors via binding to the Fas-associated death domain (FADD), as well as interactions with the glucocorticoid nuclear receptor (13, 22, 23) . However, there is still no evidence that endogenous DAP3 localizes to other cellular compartments, which would enable these interactions to occur, and, therefore, the relevance of these observations to the death-promoting effects of DAP3 requires further confirmation.
How can a matrix protein, which is found to be associated with mitochondrial ribosomes, cause mitochondrial fragmentation during cell death? One possibility is that the ribosomal localization reflects a specific function of DAP3 in translational processes within these organelles, which is somehow necessary for the fission/fusion processes. Significantly, high throughput proteomic dissection of ribosomal proteins indicates that DAP3 is the only GTP-binding protein in the ribosome complex (12) and, therefore, could represent the missing GTP binding subunit necessary for translation initiation in the mitochondria. Yet, we were not able to show any functional connection between DAP3 and mitochondrial protein translation (data not shown). The reduction of hDAP3 by siRNA did not alter the overall pattern of protein translation within the mitochondria. Moreover, the effect of hDAP3 on mitochondrial fragmentation was still detected in the presence of chloramphenicol, which specifically inhibits protein translation in mitochondria (data not shown). Other mechanisms that are translation-independent should be investigated in the future. These could include a direct involvement in the fission or fusion processes affecting the mitochondrial inner membrane, which is in the proximity of mitochondrial ribosomes. To date, only one yeast protein, Mdm33, was reported to be involved in the fission of the inner membrane of mitochondria (24) , and it will be of interest to test possible interaction between Mdm33 and yDAP3 as well as between the mammalian orthologues. Obviously, a more complete understanding of DAP3 and its function in mitochondria may lead to the elucidation of the fission/fusion process, not only as a cell death phenomenon but also as an essential component of mitochondrial biogenesis and maintenance.
